Despite all these exciting developments, there remain some unmet needs in the management for patients with chronic hepatitis B (CHB). As majority of CHB patients are going to use oral nucleos(t)ide analogues (NAs) for decades, Safety profile of NAs is of no doubt an important issue. The newest nucleotide analogue tenofovir alafenamide is potent in terms of viral suppression, together with favourable renal and bone safety profile. Biochemical response as reflected by alanine aminotransferase (ALT) normalization is recently found to be prognostically important. Patients who achieved ALT normalization have reduced the risk of hepatic events by 49%. Functional cure as reflected by hepatitis B surface antigen seroclearance not only implies patients may stop NA treatment, it also confers to a reduced risk of hepatocellular carcinoma and other hepatic events. Hence functional cure should be the ultimate treatment goal in CHB patients. Preemptive antiviral treatment may reduce mother-to-child transmission of hepatitis B virus, especially if birth dose of vaccination cannot be given in the first two hours after delivery. Lastly, despite the currently first-line NAs have highgenetic barrier to drug resistance mutations, there are still are many patients who were previously treated with low barrier of resistance including lamivudine, telbivudine or adefovir dipivoxil which could lead to antiviral resistance and affecting the choice of NAs. some unmet needs in the management for CHB patients. In this review article, we discussed several of these unmet needs and their potential solutions.
INTRODUCTION
Despite the universal vaccination for hepatitis B virus (HBV) in the last three decades, chronic HBV infection remains a considerable global health problem and approximately two billion people of the world population have been infected; of which an estimated 257 million people are living with HBV infection. 1 Chronic hepatitis B (CHB) is one of the leading causes of hepatocellular carcinoma (HCC), cirrhotic complications and liver-related death worldwide, especially in Asia-Pacific region where HBV remains highly prevalent. 2 Antiviral treatment has been moving forward from conventional interferon to pegylated interferon and oral nucleos(t)ide analogues (NA) over the last three decades. The current first-line NA, including entecavir (ETV), tenofovir disoproxil fumarate (TDF) and tenofovir alafenamide (TAF), improve patient survival by reducing the risk of HCC and hepatic events in CHB patients. 3, 4 Currently, a number of novel therapies have entered clinical development aiming to achieve functional cure of CHB, 5 which is defined as hepatitis B surface antigen (HBsAg) seroclearance. [6] [7] [8] Despite all these exciting developments, there remain Safety profile of NAs is of no doubt an important issue, because its use has been tremendously increased over the last two decades; and majority of CHB patients are going to use NAs for decades. 9 Although NAs are generally safe and relatively free of major side effects, nephrotoxicity and bone toxicity may occur in a small yet non-negligible proportion of patients receiving some nucleotide analogues, e.g. adefovir dipivoxil (ADV) and TDF. 10 Mechanisms of nucleotide analogue-associated nephrotoxicity include inhibition of tubular cell transport accumulation of endogenous compounds leads to toxicity in short term; and mitochondrial injury in long term. 11 In fact even untreated CHB patients have substantial risk of chronic kidney disease (CKD) progression; the 5-year cumulative incidence of CKD progression was 48% in TDFtreated and 43% both in ETV-treated and untreated patients.
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Renal safety
The issue of nephrotoxicity by older generations of nucleotide analogues is going to fade out in the near future as a new generation of nucleotide analogue, TAF, has been approved in many parts of the world. The latest European Association for the study of the Liver (EASL) practice guidelines for CHB recommend TAF as the one of the first line NAs; TAF is preferred over TDF if a patient has or is at risk of renal or bone disease. 6 With the similarly potent viral suppression, TAF was shown to have better renal and bone safety profile compared to TDF. 13, 14 At Week 96 of two Phase 3 studies of total 1,298 patients, TAF-treated patients had smaller declines in estimated glomerular filtration rate (eGFR) (-2.4 mL/ min) than TDF-treated patients (-6.7 mL/min; P=0.008). 15 Fewer TAF recipients experienced a decline in eGFR >25% (10% vs. 18%; P=0.002) or had a confirmed eGFR of <50 mL/min (0% vs. 2%; P=0.004). 16 Patients on TDF at risk of development and/or with underlying renal (as well as bone) disease should be considered for a switch to ETV or TAF, depending on previous lamivudine exposure.
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Bone safety
Bone toxicity is closely related to NA effect on renal proximal tubular and phosphaturia. Real-life data demonstrated increased risk of hip fracture in patients received ADV but not TDF. 9 Patients who received TAF had smaller declines in bone mineral density (BMD), particularly at the hip (-0.28%) than those receiving TDF (-2.16%; P<0.001). 17 Significantly fewer TAF than TDF recipients experienced a >3% reduction in spine (25% vs. 45%) or hip (14% vs. 39%) BMD over 96 weeks. 17 Furthermore, improved bone (as well as renal) safety was observed in patients who switched from TDF to TAF from week 96 onwards. 18 TAF may be the more ideal NA in CHB patients with underlying factors for osteoporotic fractures.
Other safety
Apart from renal and bone toxicities, there have been quite some data on other less commonly encountered side effects. 9 There were always some concerns about the effect of antiviral treatment on the risks of non-liver cancers, as ETV shows potential carcinogenic effect in some early animal studies. A population-based study of 44,494 subjects in Hong Kong showed that NA-treated patients had similar risks of various common malignancies, in particular gastrointestinal, lung, urinary and renal malignancies, when compared to untreated patients. 19 Muscular toxicity may be seen in telbivudine-treated patients so regular monitoring is advised; peripheral neuropathy and lactic acidosis are rare adverse events. 9 Latest international guidelines support the use of TDF, telbivudine and lamivudine during pregnancy; breastfeeding is not contraindicated during TDF therapy. 6, 8 With more data from real-life cohorts of sufficiently large sample size and long follow-up durations, the long-term safety profile of NAs is now more clearly defined. CHB patients receiving NA treatment for years and even decades can be reassured that this treatment would bring them clinically beneficial effects with minimal side effects. This would be one of the key elements to ensure drug adherence in our CHB patients.
UNmeT NeeD 2: hOw ImpORTANT Is AlANINe AmINOTRANsfeRAse (AlT) NORmAlIzATION?
The importance of ALT normalization while on NA treatment has been under the spotlight recently. Elevated ALT above two https://doi.org/10.3350/cmh.2018.0106 times of the upper limit of normal in CHB patients is one of the key indication for antiviral treatment recommended by international guidelines. [6] [7] [8] Normal on-treatment ALT is often regarded as biochemical response to antiviral treatment. Being one of the most commonly used tests for CHB patients, ALT level correlates with hepatic necroinflammation. 8, 20 Recent studies showed that TAF-treated patients are more likely to achieve normal on-treatment ALT than TDF-treated patients, despite a similar rate of viral suppression. 13, 14 Yet the exact underlying mechanisms of this observation remain obscured. Persistently elevated ALT in patients with complete viral suppression may imply the co-existence of fatty liver; 21 it was associated with a lower likelihood of cirrhosis regression in TDF-treated patients. 22 The clinical impact of ALT normalization at different time points at the first year of NA treatment has been recently studied in 21,182 CHB patients. Approximately half (10,437; 49.3%) of the patients achieved ALT normalization at 12 months; these patients had reduced the risk of hepatic events for 49%, after adjustment for baseline ALT and other important co-variates. 23 The cumulative incidence (95% confidence intervals [CI]) of composite hepatic events at 6 years was 3.51% (3.06-4.02%) and 5.70% (5.15-6.32%) respectively in patients did or did not achieve ALT normalization at 12 months (P<0.001). Yet it is not the earlier to achieve ALT normalization the better, as the adjusted hazard ratios are comparable for ALT normalization at 3, 6, 9 and 12 months.
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There is also a dose-response of on-treatment ALT levels and risk of hepatic events; the higher the ALT levels after 12 months of antiviral treatment, the higher the risk of hepatic events ( Fig. 1 ). 23 In registration trials of TAF, the independent predictors for achieving ALT normalization included TAF treatment, lower baseline HBV DNA level, negative hepatitis B e antigen (HBeAg) at baseline, male gender and the absence of cirrhosis. 13, 14 On the other hand, patients who had no risk factors for metabolic syndrome (i.e. body mass index ≥25 kg/m 2 , diabetes, hypertension and hyperlipidaemia) were more likely to achieve ALT normalization. 13, 14 This implies metabolic syndrome and almost certainly fatty liver has a negative impact on ALT normalization in CHB patients. Metabolic syndrome, the strong risk factor of fatty liver, is prognostically important as it is associated with cirrhosis in CHB patients, 24 liver fibrosis progression, 25 and even cardiovascular death in CHB patients. 26 The novel findings concerning the importance of ALT normalization in NA-treated patients have several important clinical implications. We should keep our vigilance for disease progression and HCC in patients with persistent ALT elevation even they are receiving potent NAs with complete viral suppression. We may consider further intervention to reduce risk of hepatic events. Recent studies demonstrated the beneficial effect of statins on CHB patients as it reduces the risk of HCC, 27 liver decompensation and death 28 in patients with chronic viral hepatitis. The remaining unanswered question would be whether ALT normalization leading to reduced risk of hepatic events is a drug-specific phenomenon.
The impact of specific NA on normal on-treatment ALT warrants further studies.
UNmeT NeeD 3: shAll we AIm TO AChIeve hBsAg seROCleARANCe?
HBsAg seroclearance refers to the loss of detectability of serum HBsAg with or without antibody to HBsAg (anti-HBs) in CHB patients, which can be achieved spontaneously or induced by antiviral treatment. 29 The proportion of patients with detectable serum HBV DNA is reported to gradually decrease with time after HBsAg figure 1. Dose-response of on-treatment alanine aminotransferase (ALT) levels and hepatocellular carcinoma (HCC seroclearance, 30 while persistent intrahepatic HBV DNA is detected in some of these patients. 31 HBsAg seroclearance is generally a rare event among CHB patients, especially in Asian patients who acquire HBV infection through perinatal transmission. The rate of spontaneous and NA-induced HBsAg seroclearance is found to be comparable in a recent study. 29 The incidence of HBsAg seroclearance increases with age; the cumulative incidence increases from 1.0% at 40 years old to as high as 13.9% at 70 years old.
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HBsAg seroclearance is durable irrespective of the anti-HBs status, as HBsAg seroreversion is uncommon (89/2,211 patients) up to 5 years. 29 CHB patients who achieve HBsAg seroclearance generally have a favourable clinical course. However, there is still a low yet definite risk of HCC occurrence. Age and gender play an important role on HCC development after HBsAg seroclearance. A recent study investigated 4,568 Chinese subjects in Hong Kong with HBsAg seroclearance showed that age older than 50 years old and male gender are two key independent risk factors of HCC development after HBsAg seroclearance (Fig. 2) . Compared to the overall annual incidence of 0.3%, male patients who cleared HBsAg after 50 years old have an HCC incidence of 0.5% annually. 33 Preexisting liver cirrhosis and hepatitis C coinfection are another two well-known risk factors of HCC after HBsAg seroclearance. 34 Patients with diabetes mellitus have almost a doubled risk of HCC development after HBsAg seroclearance; diabetic patients with suboptimal glycaemic control of haemoglobin A1c (HbA1c) ≥7% over time are further associated with a higher risk of HCC, with an annual incidence of 0.8%. 35 Due to the low absolute risk of HCC occurrence in patients with HBsAg seroclearance, identification of high risk group of HCC development is important for cost-effective HCC surveillance program. HCC surveillance is considered to be cost-effective when the annual risk of HCC exceeds 0.2% in CHB patient according to American Association for the Study of Liver Diseases (AASLD) guideline. 36 Thus, male patients who lost HBsAg after 50 years old as well as diabetic patients with suboptimal glycaemic control of HbA1c ≥7% over time may deserve regular check-up for HCC. 33, 35 Additionally, HCC risk scoring system developed for CHB patients performs reasonably well with high negative predictive value in patients with HBsAg seroclearance.
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UNmeT NeeD 4: DO we NeeD pRe-empTIve ANTIvIRAl TReATmeNT TO ReDUCe mOTheR-TO-ChIlD TRANsmIssION (mTCT)?
Vertical or MTCT was one of the important transmission routes of HBV before the era of universal vaccination. 37 Immunoprophylaxis including hepatitis B vaccine and hepatitis B immunoglobulin (HBIg) effectively prevents MTCT of HBV. 38 Despite the dramatic reduction of MTCT, it still happens, in particulars in babies born to HBeAg-positive mother of high viral load. 39 A Taiwanese study demonstrated that the maternal serum HBV DNA level of 7, 8, and 9 log 10 copies/mL led to a MTCT rate of HBV 6.6% (95% CI, 0.5- figure 2. Impact of age and gender on risk of hepatocellular carcinoma (HCC) after hepatitis B surface antigen (HBsAg) seroclearance. The cumulative incidence rates of HCC at 1, 3 and 5 years after HBsAg seroclearance were 0.8% (0.4% to 1.6%), 1.0% (0.5% to 1.8%) and 1.0% (0.5% to 1.8%), respectively in female >50 subgroup; the corresponding rates were 0.5% (0.2% to 1.4%), 0.7% (0.3% to 1.6%) and 0.7% (0.3% to 1.6%) in male ≤50 years old subgroup. Two recent landmark randomized trials, one from China (Pan et al.) and one from Thailand (Jourdain et al.) compared TDF to placebo or no antiviral treatment during the third trimester on reducing MTCT of HBV in fully vaccinated infants. 43, 44 Interestingly the Chinese study was a positive one, while the Thai study was a negative one. Per-protocol analysis showed that the MTCT rate was 0% vs. 7% (P=0.01) in TDF vs. no antiviral treatment in the Chinese study; whereas that in the Thai study was 0% vs. 2% (P =0.12). The reasons resulting in discrepancies of conclusions were the differences in study design of trials, in particulars the timing and intensity of HBV vaccination. In the study by Pan et al., all infants received 10 µg of HBV vaccine within 6 hours after birth and received another two vaccines at weeks 4 and 24; on top 200 units of HBIg was given to infants at time of birth and week 4. 44 On the other hand, in the Thai study, the birth dose of the 10 µg HBV vaccine was given much sooner, within a median time of 1.2 hours after birth; with another 4 doses at months 1, 2, 4, and 6; in contrast only one dose of HBIg was given to newborn infants within 1.3 hours. Whereas both studies had similar favourable safety profile of TDF in mothers and infants (Table 1) . The CHB management guidelines by the Asian Pacific Association for the Study of Liver (APASL) in 2016, by the EASL in 2017 and by AASLD in 2018 recommended that pregnant women with high serum HBV DNA level should receive antiviral treatment (TDF) at the third trimester in order to reduce MTCT of HBV. 7, 45, 46 The threshold of maternal viral load to start antiviral treatment differed between these three guidelines. AASLD guidelines set the threshold at above 200,000 IU/mL at the second trimester. EASL practice guideline in 2017 also included serum HBsAg levels >4 log 10 IU/mL and recommended to start antiviral treatment a bit earlier at 24 to 28 weeks of gestation. APASL guidelines proposed a slightly higher threshold of maternal viral load above 6-7 log 10 IU/mL to receive TDF starting from 28 to 32 weeks of gestation. AASLD and EASL guidelines recommended women with cirrhosis to receive TDF treatment and did not advise against breastfeeding, which was not recommended by APASL guideline such that antiviral drugs should be stopped when breastfeeding starts (Table 2). Study by Beasley et al. showed that breastfeeding does not increase the risk of MTCT. 47 During pregnancy, HBV activity may increase significantly, especially for women who stopped lamivudine. 48 The study by ter Borg et al. found that 45% of ladies had a significant increase in liver disease activity after pregnancy, compared with the expected hepatic flare risk of 27% in HBeAg positive patients. 48 AASLD, APASL and EASL guidelines recommended different time for stopping antiviral treatment in pregnant women (Table 2) lines advised that those patients may continue antiviral therapy for up to 12 weeks after delivery. Antiviral therapy be discontinued at birth or up to 4 weeks postpartum were recommended by AASLD guideline.
UNmeT NeeD 5: Is ANTIvIRAl ResIsTANCe sTIll AN IssUe?
Lamivudine, ADV and telbivudine are well known to have low genetic barrier to drug resistance mutation. Hence combination of these antiviral drugs should be avoided to prevent potential inappropriate viral suppression and the emergence of multidrug resistant strains. 45 The current first-line NA including ETV, TDF and TAF are all highly potent for HBV viral suppression as well as have high barrier to drug resistance mutation. 45 The cumulative incidence of HBV resistance for ETV was 0.2% and 0.5% at first two years and remained 1.2% during the following three years. Two trials showed that there was no evidence of TDF resistance for five years and after 8 years of treatment relatively. TAF treatment also had no resistance at first two years. 45 Despite the wide availability of ETV and TDF, drug resistance is still an issue nowadays in many parts of the world. The study by Ning et al. pointed that inadequate education of physicians was one of the important facts leading to the high epidemiology of HBV infection in China. Lamivudine was still considered as a firstline treatment option in some of Asia. 49 In terms of the Asian-Pacific consensus statement, once patients treated with NAs with low genetic barrier which has led to drug resistance mutations, they should receive NAs without cross-resistance on or before HBV DNA increased over 2×10 6 IU/mL as soon as possible. 50 Patients with lamivudine resistance are suggested to switch to TDF. Switching to high-dose ETV (1 mg daily) is a second-line option for these patients. If patients have ETV resistance, they are suggested to add TDF. Patients with ADV resistance are recommended to switch to TDF or add lamivudine, telbivudine, ETV. Switching to TDF is indicated for patients with telbivudine resistance. Patients with prior failure of or resistance to lamivudine or telbivudine and ADV are indicated to switch to ETV combine TDF. 6, 50 Patients who have been exposed to various NAs with low genetic barrier to drug resistance may develop multidrug resistance (MDR). To treat MDR, ETV plus TDF is probably the most potent antiviral regimen; yet it may not necessarily achieve better viral suppression compared to TDF monotherapy. 51 A study from Korea by Lim et al. compared the safe and virologic response of TDF monotherapy and TDF/ETV combined therapy for HBV patients with multiple drug resistance. 52 The results indicated that there were no new resistance mutations detected and the virologic response of two groups was not significantly different. TDF monotherapy was similar with TDF/ETV combined therapy which was considered an effective treatment for antiviral resistance. After 144 weeks' treatment, patients with HBV DNA levels <15 IU/mL occupied 79.4% (143/180), which was higher than that at week 48.
To sum up, antiviral resistance is still an important issue worldwide. There are many patients previously treated with low barrier of resistance including lamivudine, telbivudine or ADV which could lead to antiviral resistance and they are at risk of cirrhosis development, HCC and death. Newest agents should be widely used to replace suboptimal treatment to reduce drug resistance. Switching to high barrier resistance antiviral drugs is a method to tackle MDR. 
